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In the asymmetric unit of the title salt, (C5Hi2NO)6[P- 
Moi204o]2-5CsHiiNO, there are two independent a-Keggin- 
type [PMoi204o]^ polyoxidoanions, which show characteristic 
features with respect to bond lengths and angles. One of the 
[CH3CH2C(=OH)N(CH3)2]'^ cations is hydrogen bonded to 
the neighboring polyoxidoanion through a C=0 — 
H- ■ Obridge hydrogen bond. The organic molecules and the 
remaining organic cations form [(C5HiiNO)2H]* molecule- 
cation pairs, two of which lie about inversion centers, through 
O— H- ■ O hydrogen bonds. 

Related literature 

For the structure of [CH3CH2C(=OH)NHCH3]3[PMoi204(,]- 
3CH3CH2C(0)NHCH3, and for spectroscopic studies, see: 
Pourayoubi & Mahjoub (2010). For an a-Keggin structure, see: 
Keggin (1933). For related polyoxidometalate salts containing 
hydrogen-bonded molecule-cation pairs, see: Pourayoubi & 
Mahjoub (2010); Wilhamson etal. (1987); Hill etal. (1988). For 
the salt [(QB)2H]C104 (OB: quinoline betaine) containing a 
molecule-cation pair and for the presence of H atom on an 
inversion center in the molecule-cation pair, see: Szafran et al. 
(2002). For very strong hydrogen bonds and this feature as 
three-centre-four-electron covalent bonds, see: Gilli & Gilli 
(2000). For classification of hydrogen bonds and for positive- 
charge-assisted hydrogen bonds (-hCAHB) and for resonance- 
assisted hydrogen bonds (RAHB), see: Gilh et al. (1989). 
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Experimental 

Crystal data 

(C5Hi2NO)6[PMOi2O40]2- 

SCsHiiNO 
M, = 4763.18 
Triclinic, PI 
a = 11.3691 (5) A 
b = 23.7595 (10) A 
c = 25.5382 (11) A 
a = 110.322 (1)° 

Data collection 

Bmker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
T^„ = 0.362, T„^^ = 0.433 

Refinement 

R[F^ > 2a{F^)] = 0.055 
wR(F^) = 0.091 
S = 0.94 

29585 reflections 
1678 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 96.172 (1)° 
y = 97.079 (1)° 
V = 6335.5 (5) A^ 
Z = 2 

Mo Ka radiation 
fi = 2.42 mm"' 
r = 100 K 

0.14 X 0.13 X 0.11 mm 



92777 measured reflections 
29585 independent reflections 
15934 reflections with / > 2cr(/) 
Ri„, = 0.127 



177 restraints 

H-atom parameters constrained 
Ap„„ = 2.17 e A"' 
Ap„i„ = -1.61 e A"' 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


01S-H1S-08S 


1.22 


1.22 


2.440 (10) 


179 


0115-H25- ■ 025 


1.21 


1.22 


2.426 (11) 


179 


03S-H3S- ■ 075 


1.21 


1.22 


2.429 (9) 


180 


04S-H4S- ■ 055 


1.22 


1.23 


2.450 (10) 


180 


06S-H6S- ■ OS' 


0.84 


1.78 


2.606 (8) 


170 


09S-H9S- ■ 095" 


1.22 


1.22 


2.447 (10) 


180 


O10S-H105- ■ ■0105'" 


1.22 


1.22 


2.430 (13) 


180 


Symmetry codes: (i) x, y, z - 


f 1; (ii) -X- 


hl,-y + l,-z; 


(iii) —A', — y + 


l,-z + 2. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: XS (Sheldrick, 2008); program(s) used to refine structure: 
XLMP (Sheldrick, 2008); molecular graphics: Mercury (Macrae et al, 
2008); software used to prepare material for publication: OLEX2 
(Dolomanov et al, 2009). 

Support of this investigation by the North Tehran Branch, 
Islamic Azad University, is gratefully acknowledged. 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: LH5510). 
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Hexakis{[1 -(dimethylamino)propylidene]oxidanium} bis- 
(dodecamolybdophosphate) N^N-dimethylpropionamide pentasolvate 

Akbar Raissi Shabari^ Mehrdad Pourayoubi and Shadi Derakhshan Rad 

Comment 

In previous work, A'-methyl-propionamide was used to synthesis a polyoxometalate-based salt, 
[CH3CH2C(=OH)NHCH3]3[PMoi204o].3CH3CH2C(0)NHCH3, which was studied by X-ray crystallography and 
spectroscopy (Pourayoubi & Mahjoub, 2010). In the present work, we used A^,A^-dimethyl-propionamide to obtain the 
title salt. 

The title salt, [DMPAH]6[PMoi204o]2.5DMPA (DMPA = CH3CH2C(0)N(CH3)2), (as shown in Fig. 1) contains two 
symmetrically independent [PMoi204o]^" polyoxoanions. The anions (polyoxoanion PI as Fig. 2 and polyoxoanion P2 as 
Fig. 3) show a classical a-Keggin structure (Keggin, 1933), which consists of a central PO4 surroimded by four vertex- 
sharing M03O13 clusters. Each M03O13 is composed of three MoOe octahedra linked in a triangular arrangement by 
sharing edges. There are 4 different types of O atoms in each [PM012O40]'" anion including 12 terminals, 4 oxygen atoms 
bonded to P and Mo (Ointemai), 12 MoOg octahedra comer-shared and 12 MoOe octahedra edge-shared oxygen atoms. The 
P— O bond lengths range from 1.507 (6) to 1.546 (6) A, and the O— P— O angles are in the range of 108.4 (3) - 110.6 
(3)°. The shortest Mo — O bonds are related to the Mo — Otermmai bonds with the bond lengths in the range 1.656 (6) [Mol4 
—046] to 1.684 (5) A [Mo2— 06]. 

One of the [DMPAH]+ cation in the crystal (N6/06S cation) is hydrogen-bonded to the bridging 08 atom of the 
neighboring PI polyoxoanion, through a C=0 — H- -0 hydrogen bond (Table 1). All organic molecules in the crystal and 
the other organic cations form [(DMPA)2H]^ molecule- -cation pair through O — H- -0 hydrogen bonding. These 
molecule- --cation pairs are similar to those observed for some polyoxometalate salts containing an organic cation and its 
conjugated base, hydrogen-bonded to each other. Some examples are [NMPAH]3[PMoi204o].3NMPA (NMPA: A^-methyl- 
propionamide, Pourayoubi & Mahjoub, 2010), H3PM012O40.6DMA.CH3CN.O.5H2O (DMA: Ar,A'-dimethylacetamide, 
Williamson et al, 1987) and [(TMU)2H]3[PWi204o] (TMU: 1,1,3,3-tetramethylurea, Hill et al, 1988), where 
[(NMPA)2H]+, [(DMA)2H]+ and [(TMU)2H]+ molecule-cation pairs exist, respectively. 

Similar molecule— cation pairs were also observed in the other salts like for example in [(QB)2H]C104 (QB: quinoline 
betaine, Szafran et al, 2002) where the molecule— cation pair [(QB)2H]^ exist in the crystal and the H atom is located at 
the inversion center of molecule---cation pair. 

In the title salt, four different molecule-cation pairs (03S/07S, 04S/05S, 01S/08S, 02S/011S) and two-half 
molecule-'-cation pairs (09S/09S", OIOS/OIOS") exist in the asymmetric unit (Fig. 4) (symmetry codes: (ii) -x+1, -y+1, 
-z; (iii) -X, -y+1, -z+2). 

In previously noted reported compounds with molecule- -cation pairs, such as in the title compoimd, very strong 
homoconjugated O — ^H --0 hydrogen bonds exist (homoconjugated: the same H-donor and H-acceptor atoms). In the O — 
H-0 hydrogen bonds of the title salt, the 0-0 distances are 2.440 (10), 2.426 (11), 2.429 (9), 2.450 (10), 2.447 (10) and 
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2.430 (13) A. The short O - O distances in these hydrogen bonds as well as the symmetry of the molecule- -cation pairs 
09S/09S'' and OlOS/OlOS'" in the title salt support the idea that the very strong hydrogen bonds involves essentially a 
feature of three-centre-four-electron covalent bonds (Gilli & Gilli, 2000). 

The presence of a positive-charge centered on the atoms involving in hydrogen bonding in each of the molecule- -cation 
pairs, [CsHuNOHONHuCs]^, leads to the observed very strong hydrogen bond. Considering the classification proposed 
by Gilli and co-workers (1989), the hydrogen bond in this example is of the type positive-charge-assisted hydrogen bond 
(+CAHB) and also of the type resonance assisted hydrogen bond (RAHB). This means that two mechanisms help to 
strength of hydrogen bond in the structure of title salt and related structures. The overview of crystal packing in the title 
salt is given in Fig. 5. 

Experimental 

Synthesis of the title salt: A solution of 7V,A'-dimethyl-propionamide (4.94 mmol) in H2O (10 ml)/HCl (5 ml, 1 M) was 
added to a solution of H3PM012O40 (0.82 mmol) in H2O (10 ml) and stirred. The solid formed was solved by adding 
CH3CN (10 ml) and stirred (3 h). After filtering, the solution was hold in a beaker at room temperature. It takes few days 
to obtain the yellow crystals from this solution. 

IR (cm-'): 756, 868, 952, 1059, 1179, 1232, 1261, 1381, 1408, 1443, 1578, 1677, 1929, 2945, 3475. ^'P-NMR 
((D6)DMSO): -3.56. 'H-NMR ((D6)DMS0): 0.95 (?), 2.26 (q), 2.79 (s), 2.94 (s). "C-NMR ((D6)DMS0): 10.13 (s), 26.43 
(s), 35.67 (s), 37.43 (s), 173.55 (s). UV-Vis (H2O/CH3CN, i^x): 222 nm, 256 nm. 

Refinement 

The H-atom positions were calculated, and the H atoms were refmed in riding model, except for central H atoms in 
(C5HiiNO)2H cations. Those were found in difference Fourier synthesis but then placed in the center of the 0—0 line and 
not refined. SIMU instructions were appHed to organic components 2, 11,8 and 6 to stabilize the refinement. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Brnkev, 2009); data reduction: SAINT {Bmkei, 2009); 
program(s) used to solve structure: XS (Sheldrick, 2008); program(s) used to refine structure: XLMP (Sheldrick, 2008); 
molecular graphics: Mercury (Macrae et al, 2008); software used to prepare material for publication: 0LEX2 
(Dolomanov et al, 2009). 
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Figure 1 

The molecular structure of the title salts showing the organic cations, molecule-cation pairs and inorganic anions. Atoms 
are represented by 50% probability ellipsoids. 
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Figure 2 

One of the independent Keggin anions of the title salt. Atoms are represented by 50% displacement ellipsoids. 
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Figure 3 

The other independent Keggin anion of the title salt. Atoms are represented by 50% displacement ellipsoids. 
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Figure 4 

The organic components in the title sah. Atoms are represented by 50% displacement ellipsoids. C — H hydrogen atoms 
are omitted for clarity. Only symmetry-independent atoms and those linked to them are labeled. Indices ii and iii 
designate atoms generated by symmetry operations \ - x, \ - y, -z and -x, 1 -y,2- z, respectively. The hydrogen bonds are 
listed in Table 1 . 
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Figure 5 

The crystal packing in title salt. 



Hexakis{[1-(dimethylamino)propylidene]oxidanium} bis(dodecamolybdophosphate) iV,iV-dimethylpropionamide 
pentasolvate 



Crystal data 

(C5Hl2NO)6[PMOl2O40]2-5C5H„NO 

M, = 4763.1_8 
Triclinic, PI 
a = 11.3691 (5) A 
Z7 = 23.7595 (10) A 
c = 25.5382 (ll)A 
a= 110.322 (1)° 

96.112 (1)° 
y = 97.079(1)° 
F= 6335.5 (5) A^ 

Data collection 

Bruker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: sealed tube 
Graphite monochromator 
Detector resolution: 8 pixels mm ' 
(p and CO scans 

Absorption correction: multi-scan 

{SADABS; Bruker, 2008) 
r„,„ = 0.362, r„,, = 0.433 



Z=2 

F(000) = 4600 

Z)x = 2.497 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 5907 reflections 

(9 = 2.2-25.4° 

ju = 2.42 mm"' 

T= 100 K 

Block, colourless 

0.14 X 0.13 X 0.11 mm 



92777 measured reflections 
29585 independent reflections 
15934 reflections with / > 2a{T) 
= 0.127 

^^max = 27.7°, ^min = 1-0° 



A = -14^14 
/c=-31^31 
/ = -33^33 
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Refinement 

Refinement on 
Least-squares matrix: full 
> 2ff(/^)] = 0.055 

5' =0.94 

29585 reflections 
1678 parameters 
177 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 

w= 1/Ki^o') + (0.0179P)2] 

where P = (Fo^ + 2Fe2)/3 
(A/(t)^ = 0.001 
Ap„^ = 2.17eA-3 
Apmi„ = -1.61 e 



Special details 

Experimental. Absorption correction: SADABS-2008/1 (Bruker,2008) was used for absorption correction. R(int) was 
0.0734 before and 0.0592 after correction. The Ratio of minimum to maximum transmission is 0.8358. The 1/2 correction 
factor is 0.0015. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal S5mimetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement ofF^ against ALL reflections. The weighted if-factor wR and goodness of fit S are based on F'-, 
conventional 7?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > a{F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


TI- *ITJ 

^-'iso ' ^-'eq 


Mol 


0.72133 (7) 


0.23008 (3) 


0.09526 (3) 


0.01466(17) 


Mo2 


0.69051 (7) 


0.14511 (3) 


0.17754 (3) 


0.01517(17) 


Mo3 


0.44040 (7) 


0.17853 (3) 


0.11661 (3) 


0.01620(17) 


Mo4 


0.94075 (7) 


0.33452 (3) 


0.21935 (3) 


0.01814(18) 


Mo5 


0.87016 (7) 


0.26272 (3) 


0.30924 (3) 


0.02027 (19) 


Mo6 


0.55090 (8) 


0.20280 (4) 


0.30706 (3) 


0.0227 (2) 


Mo7 


0.33363 (7) 


0.26137 (4) 


0.24982 (4) 


0.0227 (2) 


Mo8 


0.40785 (7) 


0.34093 (4) 


0.15184 (3) 


0.02085 (19) 


Mo9 


0.70113 (7) 


0.39526 (3) 


0.15455 (3) 


0.01827 (18) 


MolO 


0.84075 (7) 


0.41122 (3) 


0.34161 (3) 


0.01637(17) 


Moll 


0.53720 (7) 


0.35451 (4) 


0.36374 (3) 


0.02035 (19) 


Mol2 


0.57153 (7) 


0.44749 (3) 


0.27315 (3) 


0.01681 (18) 


PI 


0.6333 (2) 


0.29689 (10) 


0.22934 (10) 


0.0127 (5) 


01 


0.6240 (4) 


0.2384 (2) 


0.1769(2) 


0.0107 (12) 


02 


0.7627 (5) 


0.3170 (2) 


0.2615 (2) 


0.0127(13) 


03 


0.5500 (5) 


0.2841 (2) 


0.2694 (2) 


0.0142 (13) 


04 


0.5949 (5) 


0.3474 (2) 


0.2105 (2) 


0.0116(12) 


05 


0.7850 (5) 


0.2114(2) 


0.0369 (2) 


0.0185 (14) 


06 


0.7196 (5) 


0.0749 (2) 


0.1688 (2) 


0.0204 (14) 


07 


0.3278 (5) 


0.1343 (3) 


0.0653 (2) 


0.0229 (15) 


08 


0.5619 (5) 


0.1888 (2) 


0.0663 (2) 


0.0149(13) 


09 


0.7473 (5) 


0.1595 (2) 


0.1177 (2) 


0.0127(13) 


OlO 


0.5268 (5) 


0.1233 (2) 


0.1299(2) 


0.0151 (13) 
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0.30o4 (2) 


A 1 ACT /0\ 

0.105 / (2) 


AA1/10 

0.0146 (13) 


U12 




U.z /U4 (z) 


A 1 C /I O /0\ 
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A A1 no /I /1\ 
0.01 /6 (14) 


U13 


A O 1 1 O 


0.1943 (Z) 


0.2334 {!) 


A A1 /C? /"I A\ 

O.Olo/ (14) 


U14 


A COO'7 

O.Doo/ (D) 


0. 1 D / / (2) 


0.23yi \1) 


A A1 AO /"\ A\ 
O.OiyO (14) 


(Jl J 




A 1 A01 /0\ 

O.iyo3 (z) 


A 1 TAI /0\ 

0.1 /y3 (2) 


A A1 A/I /'I /1^ 

0.0194 (14) 


Uio 


A /I 1 AT 

u.4iy / (d) 


O.zoOo (Z) 


All /CO /0\ 

0.1 loo (2j 


AA1TC ^'^ A\ 

0.01 /5 (14) 


017 


1.U723 (5) 


0.3537 (3) 


A OA1 T /0\ 

0,2017 (2) 


A A'^'iA /I C\ 

0.0239 (15) 




A A/C /I A 

U.yo4y (o) 


A O 1 AC /'T \ 

0.Z305 (3) 


A 1 /I A A 

0.3400 (2) 


A A'lOO /I /C\ 

0.0266 (16) 


uiy 


U.J444 (oj 


A 1 C/1 C 

0.1 j4j (3 ) 


0.3414 yi) 


0.03oO (lo) 


KJlK) 


A 1 ocn /c\ 
(J.ioo/ (j) 


0.z3 / / (3j 


A O /1 1 C /I \ 

0.2435 (3) 


A A1 /I 0 / 1 0\ 

0.0346 (16) 


1 


A '>0'*> 1 


A '2 /no /"2\ 

0,34/0 (3) 


All /CA 

O.lloO (3) 


O.O3I0 (1 /) 


\J11 


A n c~) 1 

U. ijll (o) 


A /lO A /I /I \ 

0.4zy4 (3) 


A 1 1 OO /'0\ 

0,1123 (2) 


A AO A A /I C\ 

0.0244 (15) 


r\^i 
U23 


A ClO/i /"^A 
U.OJOO \p) 


A "2 0/10 

0.3 o4y (z) 


A 1 OOA /OA 

0.1 y20 (2J 


A A1 CA /I 1.\ 

0.0150 (13) 


U24 


A ATTJ /C\ 

u.y / fj (j) 


O.Z5y3 (z) 


0.2ol / (2) 


A A1 OC /I /l\ 

0.01o5 (14) 


025 


OJIoZ (5) 


A OT O C 

0.2385 (2) 


0.326o (2) 


A AO 1 C / 1 C\ 

0.0215 (15) 


Uzo 


A 'I A /I /I /C\ 

0.3^44 {D) 


A O AO A 

0.2024 (3) 


0,2o34 (2J 


A AO /I C /I 

0.0245 (16) 


U2 / 


U.34z4 


0.311 / (3) 


ATI A'2 /'0\ 

0,2103 yl) 


A AO AO ^^ A\ 

O.O2O0 (14) 


Uz8 


A OTA 


0.3 /3o (3) 


A 1 ooA /''>^ 
0.1220 (2) 


A AOAO /"I A\ 

O.O2O0 (14) 


U29 


A AylAA /C\ 

0.9499 (5) 


0.4045 (2) 


A 0A10 /0\ 

0.292o (2) 


A A 1 A A / ^ A\ 

0.0190 (14) 




A AAAiC /C\ 

u.youo 


U.i^ZI (2) 


A 1 CO C /OA 

0.35o5 (2) 


A AO 1 A /I A\ 

0.0210 (14) 


1 


n C y| CO /ex 


A 1 A /Tx 

0.2810 (3 j 


A ITAC /OA 

0.3/05 yl) 


0.0233 (15) 


(Jjz 


U.3 /oy p) 


0.3192 (3) 


A ■30 1 /I /OA 

0,3214 (2) 


0.0234 (15) 


033 


0.43o7 (5) 


A /I T A 1 /'T \ 

0.4201 (3) 
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Mol 0.0181 (4) 0.0128(4) 0.0127(4) 0.0040(3) 0.0041 (3) 0.0034(3) 

Mo2 0.0197(4) 0.0106(4) 0.0148(4) 0.0045 (3) 0.0016(3) 0.0039(3) 

Mo3 0.0141 (4) 0.0145(4) 0.0173 (4) 0.0026(3) 0.0009(3) 0.0029(3) 
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1.672 (5) 


C82— H82A 


0.9900 


Mo 1—08 


1.888 (5) 


C82— H82B 


0.9900 


Mol— 09 


1.996 (5) 


C82— C83 


1.499 (9) 


Mol— Oil 


1.818(5) 


C83— H83A 


0.9800 


Mol— 012 


1.976 (6) 


C83— H83B 


0.9800 


Mo2— 01 


2.433 (5) 


C83— H83C 


0.9800 


Mo2— 06 


1.684 (5) 


C84— H84A 


0.9800 


Mo2— 09 


1.841 (5) 


C84— H84B 


0.9800 


Mo2— 010 


2.012 (5) 


C84— H84C 


0.9800 


Mo2— 013 


1.820 (5) 


C85— H85A 


0.9800 


Mo2— 014 


2.013 (6) 


C85— H85B 


0.9800 


Mo3— 01 


2.410(5) 


C85— H85C 


0.9800 


Mo3— 07 


1.677 (6) 


02S— H2S 


1.22 
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MOj — Uo 


Z.(JJJ (j) 


Uzb — Czl 


l.zJ / (14) 


Mo3 — OlO 


1.834 (5) 


/-~\ lie TTTC 

Oils — H2i> 


1 ^ 1 
l.zl 


Mo3 — 015 


1.814 (5) 


Oils — cm 


1 '^/I'l /IIX 

1.242 (11) 


Mo3 — Ulo 


1.992 (5) 


N2 — C21 


1.316 (15) 


Mo4 — 02 


2.450 (5) 


N2 — C24 


1 C C f\ / 1 A\ 

1.550 (14) 


Mo4 — 012 


1.852 (6) 


N2 — C25 


1.480 (16) 


Mo4 — 017 


1.664 (5) 


Nil — C115 


1.418 (13) 


Mo4 — 023 


2.005 (5) 


Nil — cm 


1.373 (12) 


Mo4 — (Jz4 


1.820 (6) 


XT 11 1 1 /I 

Nil — C114 


1 /I zin / 1 1\ 

1.467 (12) 


Mo4 — 029 


2.011 (5) 


■> -11^ TT11A 

C115 — HUA 


A A OA A 

0.9800 


Mo5 — 02 


^ A AA 

2.409 (5) 


C115 — HUB 


A A O A A 

0.9800 


Mo5 — 013 


2.026 (5) 


' ■» -t c T T 1 1 /' ' 

CI 15 — HllC 


A A OA A 

0.9800 


Mo5 — 0 1 6 


1.674 (6) 


C21 — Czz 


1 /I /A\ 

1.452 (9) 


Mo5 — 024 


2.005 (6) 


C22 — H22A 


A AAAA 

0.9900 


Mo5 — 025 


1.821 (6) 


C22 — H22B 


0.9900 


AT C f\ 

Mo5 — O30 


1.833 (5) 


C22 — C23 


1 A /'A /A\ 

1 .469 (9) 


Moo — 03 


2.439 (5) 


C2i — H23A 


A AOAA 

0.9800 


Moo — 014 


1.824 (5) 


C23 — H23B 


A AOAA 

0.9800 


Moo — 019 


1.669 (6) 


C23 — H23C 


A AOAA 

0.9800 


Moo — 025 


^ AAyl /£\ 

2.004 (6) 


i^-^ A JJ'^ A A 

C24 — H24A 


A AOAA 

0.9800 


Moo — U2o 


1.814 (6) 


C24 — H24B 


A AOAA 

0.9800 


Moo — 031 


AAA 

2.009 (6) 


C24 — H24C 


A AOAA 

0.9800 


Mo7 — 03 


2.411 (5) 


C25 — H25A 


0.9800 


Mo7 — 015 


2.021 (5) 


C25 — H25B 


A AOAA 

0.9800 


Mo7 — O20 


1.667 (6) 


L25 — H25C 


A AOAA 

0.9800 


Mo 7 — 026 


2.031 (6) 


cm — C112 


1 /lOO /'1'>\ 

1.483 (13) 


Mo7 — 027 


1.814 (6) 


C112 — HllD 


0.9900 


Mo7 — 032 


1.832 (6) 


/^110 TT11T7 

Cllz — Hllb 


A AAAA 

0.9900 


Moo — (J4 


lAll (p) 


C112 — Clli 


1 A CA /t A\ 

1.459 (14) 


Mo8 — 016 


1.834 (5) 


C113 — HllF 


0.9800 


A (T O /^"^ 1 

Moo — 021 


1.670 (6) 


C113 — HUG 


A AOAA 

0.9800 


Mo8 — 027 


2.024 (6) 


^ 1 1 '5 TT1 1 TT 

C113 — HllH 


A AOAA 


Moo — U2o 


1.844 (p) 


/^t t A TT11T 

C114 — Hill 


A AOAA 

0.9800 


Mo8 — 033 


1.988 (6) 


/~\ 11/1 TT11T 

C114 — HllJ 


A AOAA 

0.9800 


Mo9 — 04 


2.440 (5) 


11/1 T T 1 1 T/" 

C114 — HUK 


A AOAA 

0.9800 


Moy — (J 11 


A'^O 

2.028 (5) 


03b — H3b 


1.21 


Mo9 — Uzz 


1.670 (5) 


03b — C31 


1 ni 

1.271 (11) 


Mo9 — 023 


1.831 (6) 


07S — H3S 


1.22 


Mo9 — 028 


1.993 (6) 


07S — C71 


1 T 1 /I A\ 

1.271 (10) 


A /f^C\ /"^'i A 

Moy — U34 


1.824 (5) 


XTT /"^T 1 

N3 — C31 


1.322 (11) 


MolO — Oz 


2.435 (5) 


XT'? /""T /I 

N3 — C34 


1 A'i A 

1.434 (11) 


A yf 1 A /^'^ A 

MolO — 029 


1.833 (6) 


N3 — C35 


1.475 (11) 


A jr_ 1 A /"V^A 

MolO — O30 


2.011 (6) 


N7 — C71 


1 '^OO /11\ 

1.298 (11) 


MolO — 03d 


i.8i6 (5j 


N / C/4 


1.461 (11) 


MolO— 036 


2.005 (6) 


N7— C75 


1.430 (11) 


MolO— 038 


1.676 (5) 


C31— C32 


1.520 (13) 


Moll— 03 


2.441 (5) 


C32— H32A 


0.9900 


Moll— 031 


1.827 (6) 


C32— H32B 


0.9900 


Moll— 032 


1.996 (6) 


C32— C33 


1.521 (12) 
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Moll — (Jio 


1.823 (6) 


Cii — H33A 


A AOAA 

0.9800 


Moll — 037 


2.042 (6) 


C33 — H33B 


A AOAA 

0.9800 


Moll — 039 


1.679 (6) 


C33 — H33C 


A AOAA 

0.9800 


Mo 12 — (J4 


2.427 (5) 


C34 — H34A 


A AOAA 

0.9800 


Mo 12 — Uii 


1 OCA 

1.850 (6) 


C34 — H34B 


A AOAA 

0.9800 


Mo 12 — 034 


2.030 (6) 


C34 — H34C 


A AOAA 

0.9800 


Mo 12 — 035 


2.010 (5) 


C35 — H35A 


A AOAA 

0.9800 


Mo 12 — 037 


1 OAO /C\ 

1.808 (5) 


C35 — H35B 


A AOAA 

0.9800 


Mo 12 — U4U 


1.667 (5) 


C35 — H35C 


A AOAA 

0.9800 


PI — 01 


1.541 (5) 


C71 — C72 


1 C '\ A /1'^\ 

1.514 (12) 


PI — 02 


1.536 (6) 


C72 — ^H72A 


A AAAA 

0.9900 


PI — 03 


1.546 (6) 


C72 — H72B 


A AAAA 

0.9900 


rl — (j4 


1 COT 

1.533 (5) 


C72 — C73 


1.519 (12) 


A 1 1 /~\ y| 1 

Mo 13 — 041 


2.439 (6) 


C73 — ^H73A 


A AOAA 

0.9800 


A yf IT /~\ /I C 

Mo 13 — 045 


1.674 (6) 


C73 — H73B 


A AOAA 

0.9800 


A (T IT /"A A o 

Mo 13 — 048 


1.997 (6) 


C73 — H73C 


A AOAA 

0.9800 


Mo 13 — (J4y 


1.832 (6) 


f^n A T jn A A 

C74 — H74A 


A AOAA 

0.9800 


Mo 13 — 051 


2.014 (6) 


C74 — ^H74B 


A AOAA 

0.9800 


Mol3 — 052 


1.811 (6) 


C74 — H74C 


A AOAA 

0.9800 


A 1 A /"\ /I 1 

Mo 14 — (J41 


2.454 (6) 


C75 — H75A 


A AOAA 

0.9800 


Mo 14 — (J4o 


1.656 (6) 


L75 — ^H75B 


0.9800 


Mo 14 — 049 


A1 A /it'N 

2.010 (6) 


C75 — ^H75C 


A AOAA 

0.9800 


Mo 14 — O50 


1.842 (6) 


r\ AC^ T T /I C" 

04S — H4S 


1.22 


Mol4 — 053 


1.986 (6) 


r\A c A 'K 

041S — C41 


1 ^ A ^ /I 

1.241 (12) 


A X^ 1 ^ /~\C ^ 

Mo 14 — U54 


1.821 (6) 


05s — H45> 


1 

1.23 


A (T 1 C /"A /I 1 

Mo 1 5 — 04 1 


2.408 (6) 


05 S — C51 


1 A /11\ 

1.284 (11) 


Mo 15 — 047 


1.662 (6) 


N4 — C4 1 


1 O A A / 1 'I \ 

1.309 (12) 


Mo 15 — U4o 


1.848 (6) 


XT/1 /I /I 

JN4 — C44 


1.462 (13) 


Mo 15 — O50 


2.023 (6) 


XT /I O /I C 

Jn4 — C45 


1 A £.t\ 1 1 A\ 

1.460 (14) 


Mol5 — 055 


1.998 (6) 


N5 — C51 


1.270 (12) 


Mo 15 — 056 


1.815 (6) 


N5 — C54 


1 A^ C /11\ 

1.475 (11) 


A X^ 1 Z' /~\ /1 1^ 

Mo 16 — 042 


2.460 (6) 


N5 — C55 


1.451 (12) 


A X^ 1 £ /~XC^ 

Mo 16 — U52 


1.988 (6) 


C41 — C42 


1.516 (13) 


Mo 16 — 057 


1.678 (6) 


C42 — H42A 


A AAAA 

0.9900 


Mo 16 — 063 


1.799 (6) 


C42 — H42B 


A AAAA 

0.9900 


Mo 16 — 064 


^ AAT i il\ 

2.007 (6) 


C42 — C43 


1 /lO/l /11\ 

1.484 (11) 


Mo 16 — Oby 


1.834 (6) 


C43 — H43A 


A AOAA 

0.9800 


Mo 17 — 042 


2.452 (6) 


C43 — H43B 


A AOAA 

0.9800 


A (T IT /""x c T 

Mo 17 — 053 


1.836 (6) 


C43 — H43C 


A AOAA 

0.9800 


Mo 17 — 058 


1.660 (6) 


A A TT/I /I A 

C44 — H44A 


A AOAA 

0.9800 


Mow — 064 


1.835 (6) 


A A TT/I/I"r> 

C44 — H44B 


A AOAA 

0.9800 


A iff 1 T r\/i c 

Mo 17 — 065 


2.017 (6) 


C44 — H44C 


A AOAA 

0.9800 


A jT— 1 T /"VTA 

Mo 17 — O70 


1 AAA 

1.990 (6) 


A C TT A C A 

C45 — H45A 


A AOAA 

0.9800 


Mo 1 0 04 j 


z.44o (D) 


C4d — H4jB 


A AOAA 


Mol 8—054 


2.002 (6) 


C45— H45C 


0.9800 


Mol8— 059 


1.665 (6) 


C51— C52 


1.569 (15) 


Mo 18— 065 


1.800 (6) 


C52— H52A 


0.9900 


Mol 8—066 


2.031 (6) 


C52— H52B 


0.9900 


Mol8— 071 


1.845 (6) 


C52— C53 


1.438 (14) 
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Mo 19 — U43 


2.423 (6) 


C53 — H53A 


A AOAA 

0.9800 


Mo 19 — 055 


1.822 (6) 


C53 — H53B 


A AOAA 

0.9800 


Mo 19 — O60 


1.683 (6) 


C53 — H53C 


A AOAA 

0.9800 


Mo 19 — (Joo 


1.840 (6) 


t~^C A TTC /I A 

C54 — H54A 


A AOAA 

0.9800 


Mo 19 — 067 


2.U01 (6) 


C54 — H54B 


A AOAA 

0.9800 


A iff 1 r\ i^T-^ 

Mo 19 — 072 


1.996 (6) 


C54 — H54C 


A AOAA 

0.9800 


Mo20 — 044 


2.431 (6) 


C55 — H55A 


A AOAA 

0.9800 


MozO — (J5o 


1 AA1 f £1\ 

z.UUz (6) 


C55 — H55B 


A AOAA 

0.9800 


MozU — Uol 


1.oj9 (o) 




A AOAA 
0.9800 


Mo20 — 067 


1.816 (6) 


06b — H6S 


f\ O A C\C\ 

0.8400 


Mo20 — 068 


1 AAT 

2.003 (6) 


06S — C61 


1 O A A /I A\ 

1.309 (10) 


A (T "^A /""XT o 

Mo20 — 073 


1.830 (6) 


N6 — C61 


1.296 (11) 


Mozl — U44 


2.436 (6) 


JN6 — C64 


1.493 (il) 


Mo21 — 051 


1.816 (6) 


N6 — C65 


1.462 (11) 


Mo21 — 062 


1.666 (6) 


C61 — C62 


1 A / 1 IN 

1.467 (12) 


Mo21 — 063 


2.005 (6) 


C62 — H62A 


A AAAA 

0.9900 


Mozl — Uoo 


1.834 (6) 


Co2 — H62B 


A AAAA 

0.9900 


Mo21 — 074 


2.014 (6) 


C62 — C63 


1 C A -X /I 1\ 

1.541 (12) 


Mo22 — 042 


2.442 (6) 


C63 — H63A 


A AOAA 

0.9800 


Mozz — Uo9 


2.025 (6) 


C63 — H63B 


A AOAA 

0.9800 


A<r«.T> /"VTA 

MozZ — (J70 


1.839 (6) 


C63 — ^H63C 


0.9800 


Mo22 — 075 


1 AAO 

1.998 (6) 


C64 — ^H64A 


A AOAA 

0.9800 


Mo22 — 076 


1.837 (6) 


C64 — H64B 


A AOAA 

0.9800 


Mozz — L)7o 


1.660 (6) 


C64 — ^H64C 


A AOAA 

0.9800 


MOzj — U43 


lAZy (p) 


C65 — H65A 


0.9800 


Mo23 — 071 


2.013 (6) 


C65 — H65B 


A AOAA 

0.9800 


Mo23 — 072 


1.856 (6) 


C65 — H65C 


A AOAA 

0.9800 


Mo23 — 076 


1 ATA /zr\ 

1.979 (6) 


i^AC TTAC 

09b — H9s 


1 11 

1.22 


Mo23 — 077 


1.815 (6) 


09s — C91 


1.256 (11) 


Mo23 — 079 


1.669 (6) 


N9 — C91 


1 1AC 

1.295 (13) 


Moz4 — (j44 


2.447 (6) 


XTA t~^C\A 

Jn9 — C94 


1.455 (15) 


Moz4 — (J73 


2.009 (6) 


xTA 

N9 — C95 


1 AO A 1 A\ 

1.484 (14) 


Moz4 — 074 


1.833 (6) 


C91 — C92 


1.513 (15) 


Mo24 — 075 


1.816 (6) 


/^A1 TTA1 A 

C92 — H92A 


A AAAA 

0.9900 


Mo24 — 077 


2.017 (6) 


/^A1 TTAITl 

C92 — H92B 


A AAAA 

0.9900 


Mo24 — O80 


1.663 (5) 


i^Ai e~^c\'y 

C92 — C93 


1.473 (13) 


rz — (J4 1 


1.541 (6) 


C93 — H93A 


A AOAA 

0.9800 


P2 — 042 


1.507 (6) 


C93 — H93B 


A AOAA 

0.9800 


P2 — 043 


1.537 (6) 


C93 — H93C 


A AOAA 

0.9800 


VI — 044 


1.539 (6) 


C94 — ^H94A 


A AOAA 

0.9800 


/~V 1 C TT1 O 

Olb — His 


1 11 
1,22 


C94 — H94B 


A AOAA 

0.9800 


015> — Cll 


1 nc / 1 1\ 

1.275 (12) 


C94 — H94C 


A AOAA 

0.9800 


^OC TT1 O 

08b — His 


1.22 


C95 — H95A 


0.9800 


Ocb — Col 


l.zM {12) 


C9j H93B 


A AOAA 


Nl— Cll 


1.308 (12) 


C95— H95C 


0.9800 


Nl— C14 


1.452(11) 


OlOS— HIOS 


1.22 


Nl— C15 


1.489(12) 


OlOS— ClOl 


1.268(11) 


N8— C81 


1.303 (12) 


NIO— ClOl 


1.323 (12) 


N8— C84 


1.460(13) 


NIO— C104 


1.478(11) 
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N8— C85 
Cll— C12 
C12— H12A 
C12— H12B 
C12— C13 
C13— H13A 
C13— H13B 
C13— H13C 
C14— H14A 
C14— H14B 
C14— H14C 
CI 5— HI 5 A 
C15— H15B 
C15— H15C 



1.477(12) 

1.483 (14) 

0.9900 

0.9900 

1.529 (13) 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 



NIO— C105 
ClOl— C102 
CI 02— HI OA 
CI 02— HI OB 
CI 02— CI 03 
C103— HIOC 
C103— HIOD 
C103— HlOE 
CI 04— HI OF 
C104— HlOG 
C104— HIOH 
CI 05— HI 01 
C105— HIOJ 
C105— HIOK 



1.434(11) 

1.457 (13) 

0.9900 

0.9900 

1.490(13) 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 



05— Mo 1—01 
05— Mol— 08 
05— Mo 1—09 
05— Mol— Oil 

05— Mol— 012 
08— Mol— 01 
08— Mol— 09 

08— Mol— 012 

09— Mol— Ol 
Oil— Mol— 01 
Oil— Mol— 08 
Oil— Mol— 09 

011— Mol— 012 

012— Mol— 01 

012— Mol— 09 

06— Mo2— Ol 
06— Mo2— 09 
06— Mo2— OlO 
06— Mo2— 013 

06— Mo2— 014 
09— Mo2— 01 
09— Mo2— OlO 

09— Mo2— 014 

010— Mo2— 01 
OlO— Mo2— 014 

013— Mo2— 01 
013— Mo2— 09 
013— Mo2— OlO 

013— Mo2— 014 

014— Mo2— 01 

07— Mo3— 01 
07— Mo3— 08 
07— Mo3— OlO 
07— Mo3— 015 



170.1 (2) 
101.8(3) 
98.8 (2) 

103.7 (2) 
101.4 (3) 

74.0 (2) 

86.3 (2) 

155.2 (2) 
72.21 (19) 

85.8 (2) 

96.9 (2) 

156.1 (2) 
86.2 (2) 
81.72 (19) 

81.5 (2) 
170.9 (2) 

102.8 (3) 
100.0 (2) 

102.9 (3) 
100.8 (3) 

74.4 (2) 
86.2 (2) 
154.7(2) 
71.34(19) 

80.7 (2) 
86.2 (2) 

98.1 (2) 

155.2 (2) 

85.6 (2) 
80.9 (2) 
169.6 (2) 

97.8 (2) 
103.0 (3) 
103.0 (3) 



075— Mo24— 073 
075— Mo24— 074 
075— Mo24— 077 
077— Mo24— 044 
O80— Mo24— 044 
O80— Mo24— 073 
O80— Mo24— 074 
O80— Mo24— 075 
O80— Mo24— 077 
042— P2— 041 
042— P2— 043 

042— P2— 044 

043— P2— 041 

043— P2— 044 

044— P2— 041 
Mol3— 041— Mol4 
Mol5— 041— Mol3 
Mol5— 041— Mol4 
P2— 041— Mol3 
P2— 041— Mol4 
P2— 041— Mol5 
Mol7— 042— Mol6 
Mo22— 042— Mol6 
Mo22— 042— Mol7 
P2— 042— Mol6 
P2— 042— Mo 17 
P2— 042— Mo22 
Mol9— 043— Mol8 
Mol9— 043— Mo23 
Mo23— 043— Mol8 
P2— 043— Mo 18 
P2— 043— Mo 19 
P2— 043— Mo23 
Mo20— 044— Mo21 



154.5 (3) 
98.1 (3) 
85.0 (2) 
81.2(2) 
168.1 (3) 
98.8 (3) 

102.5 (3) 

104.6 (3) 

101.4 (3) 
110.6 (3) 

109.5 (3) 

110.4 (3) 

108.6 (3) 
109.1 (3) 
108.6 (3) 
88.84 (19) 
90.10(19) 
90.19(19) 

124.8 (3) 
125.1 (3) 

126.5 (3) 
89.16(19) 
89.00 (19) 
89.14(19) 

125.3 (3) 

126.1 (3) 

126.2 (3) 
89.62 (18) 
89.88 (19) 
89.56 (18) 

125.4 (3) 

125.9 (3) 
125.2 (3) 
90.00(18) 
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(ji — 


-Mo3 — Olo 


1 A A "7 /'> \ 

100.7 (3) 


08 — 


-Moj — Ol 


n'~\ f\A /I A\ 

72.04 (19) 


OlO- 


— Mo3 — (JI 


HA n 

74.7 (2) 


OlO- 


— Mo3 — 08 


86.0 (2) 


OlO- 


— Mo3 — Olo 


1 C A 1 /"OA 

154.1 (2) 


015- 


—Mo J — (J 1 


on A /'^\ 

87.4 (2) 


^ 1 c 

015- 


— Mo3 — 08 


156.9 (2) 


015- 




AA A /''^\ 

99.0 (z) 




— JVlOi — (J Id 


OJ.O (ZJ 
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— Moi — (JI 


OA 1 /ON 

80.1 (2) 


Olo- 


— Mo3 — 08 


OA ^ /^\ 

80.6 (2) 


Olz- 


— JVlo4 — U2 
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Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i)x,y, z+1; (ii) -x+l, -y+l, -z; (iii) -x, ->H-1, -z+2. 
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